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ABSTRACT
The use of ozonized vegetable oils as drugs or cosmetics requires having data on their stability
over the time. In this study, ozonized sunflower oil was stored under different temperatures for up
to 1 year. Peroxide index, acidity value, gas chromatography profile, infrared profile and
antibacterial activity (against Streptococcus uberis) of this ozonized oil were followed. The results
highlight the fact that the better way to preserve the initial composition of ozonized oil is to keep
it at low temperature. However, the antibacterial activity is not diminished by the changes
occurring to the composition.
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Introduction
Ozonized vegetable oils are well known for their use in
dermatology and for their antibacterial activity (Falcón
Lincheta et al. 1998; Montevecchi et al. 2013; Travagli
et al. 2010). These products have shown some
interesting effects on burns (Campanati et al. 2013) and
wound healing (Kim et al. 2009; Valacchi et al. 2011,
2013), and for the treatment of mycoses (Menéndez
et al. 2002). Their activity could be due to the activation
of differentmetabolic pathways as well as a decrease in the
fungal and bactericidal pressure due to their antibacterial
activity (Geweely 2006; Sechi et al. 2001; Skalska et al.
2009). Kim et al. (2009) have demonstrated that the
application of ozonized olive oil on wounds increased
the expression of growth factors (e.g., PDGF, TCF-β and
VEGF) and promoted the collagen synthesis and fibro-
blast proliferation. Kataoka et al. (2009) have shown that
ozonized olive oil also stimulated the development of
inflammatory responses (e.g., vasodilatation, swelling).
The properties of ozonized vegetable oils can also be
used in the veterinary field (Camps-Ramírez et al.
2006). They have shown some interesting antibacterial
effects on the main pathogens responsible for mastitis
(udder infection), which is one of the major concerns
in dairy farming (Moureu et al. 2015).
The commercialization of any new health product
requires having data on its stability. The ICH guideline
Q1A(R2) defines the stability data package that is
sufficient for the registration of a new drug substance
or drug product in the United States, Japan and
Europe. According to this document it is necessary to
provide data from at least a long-term study (minimum
12 months) and on an accelerated study (6 months).
The temperatures selected for these studies depend on
the intended storage condition (room temperature,
fridge or freezer), but the accelerated study always
takes place at higher temperature than the intended
storage conditions. For cosmetics, it is also necessary
to prove the stability of the substance under storage
conditions as well as in formulations. It is important to
be sure that the product is not going to decompose and
form toxic compounds during its use.
Several products containing or made of ozonized
vegetable oils have been commercialized (e.g.,
Oleozon®, Stilderm Ozonidi Crema®, OleoForte®,
Oxaktiv®), but little data is available in the literature
on their stability. Cirlini et al. (2012) demonstrated that
ozonized sunflower oil (Neozone 4000) and cosmetic
enriched in ozonized sunflower oil are stable for at least
6 months if refrigerated or kept at room temperature.
However, the authors focused their study on the
determination of the peroxide value to control stability
during storage through a dedicated method. To our
knowledge there is no public data available on storage
effects on the evolution of composition and
antibacterial activity of ozonized oil.
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The aim of this work was to study the influence of
different storage temperatures on the composition and
antibacterial activity of ozonized sunflower oil. Based
on the results of a previous work (Moureu et al. 2015),
high oleic sunflower oil ozonized with water for 4 h was
chosen for this study. After different storage durations
(1, 3, 6, 9 and 12 months) at different storage
temperatures (−20 °C, +4 °C, RT, +37 °C), gas
chromatography profile, infrared spectra, peroxide
index and acidity value of ozonized oil were
determined. The antibacterial activity was also
evaluated, through the determination of the minimal
inhibitory concentration, against Streptococcus uberis to
determine the changes in ozonized oil quality due to
the storage conditions.
Material and methods
Samples and reagents
Refined high oleic sunflower oil (89% of oleic acid) was
obtained from a local oil producer (France). Solvents
(e.g., acetic acid, isooctane) were purchased from Carl
Roth (France) and used without further purifications
(ACS grade). Toluene, potassium iodide, sodium
thiosulfate and Tween-80 were from Fisher Scientific
(France). Potassium hydroxide, trimethylsulfonium
hydroxide (TMSH), tert-butyl methyl ether (TBME)
and gas chromatography standards (hexanal, nonanal,
methyl hexanoate, methyl nonanoate, methyl
undecanoate, dimethyl azelate, methyl palmitate,
methyl stearate, methyl oleate and methyl linoleate)
were from Sigma-Aldrich (France). Mueller Hinton
broth was purchased from Carl Roth (France).
Bacterial strain
One strain, Streptococcus uberis (CIP number 105450)
obtained from the Institut Pasteur (Paris, France) was
tested.
Preparation of ozonized sunflower oil samples
Ozone was generated by a Triogen device (OZAT-CFS1
Ozonia, Suisse) supplied with pure oxygen. An
emulsion made of 50 g of oil and 5 g of ultra-pure
water was placed in a reactor. Ozone (gas flow rate:
30 L/h, [O3] ≈ 65 mg/L) was bubbled through this
emulsion for 4 h. Water (27 °C) was recirculated inside
the double wall of the reactor during all the ozonation
process. Three batches were prepared for each storage
temperature and analyzed immediately after
production. Each batch was then divided into four
polystyrene flasks (volume of the flask = 40 mL),
which were stored in the dark at the determined
temperature.
Storage of the samples
Four different temperatures were selected: −20 °C (free-
zer), +4 °C (fridge), laboratory room temperature (RT)
and +37 °C (incubator). Oils were tested after 1, 3, 6, 9
and 12 months of storage to determine the effect of the
storage temperature over time. Analyses were
performed by taking samples from one flask
corresponding to each batch. After being used twice,
flasks were discarded to avoid a bias due to successive
freeze-thaw cycles.
Characterization of oils
Peroxide index
Peroxide index (IP) is a quantification of all the
peroxidic compounds formed during oil oxidation. IP
was determined by an iodometric titration adapted
from the ISO standard 3960 (AFNOR 2010a). The
titration was based on the reaction of iodide with the
peroxidic species to form diiode, which was titrated
with sodium thiosulfate. IP was expressed in
milliequivalents of active oxygen per kilogram of oil.
Acidity value
Acidity value (AV) indicates the quantity of free fatty
acids present in oil. It was determined by an acido-basic
titration adapted from the ISO standard 660 (AFNOR
2009). AV corresponds to the amount (milligrams) of
potassium hydroxide that were necessary for the
reaction with the free fatty acids of 1 gram of oil.
Peroxide index and acidity value were determined
four times for each batch using a titration device 916
Ti-Touch (Metrohm, France).
Gas chromatography
Samples were analyzed using gas chromatography after
transesterification with TMSH (AFNOR 2010b).
Solutions of ozonized oil at 50 mg/mL were prepared
by adding the required volume of a 10 mg/mL solution
of methyl-undecanoate in TBME to the sample of
ozonized oil. Fifty microliters of this solution were
mixed in a vial equipped with an insert to 50 µL of
TMSH. One microliter of this mixture was injected.
Analyses were carried out using a Clarus 680 Gas
Chromatographic system (Perkin Elmer) in a ZB-FFAB
capillary column (30 m × 0.25 mm × 0.25 µm film
thickness, Phenomenex) and a flame ionization
detector. The run was conducted under an optimized
temperature program as follows: initial column
temperature 70 °C maintained for 5 min, programmed
to increase at a rate of 5 °C/min up to 160 °C and then
at 2 °C/min up to final temperature of 220 °C and held
for 12 min. Injector and detector temperatures were set
at 250 °C and 230 °C, respectively. Hydrogen was used
as the carrier gas at a flow rate of 3.2 mL/min with a
split flow of 50 mL/min.
Each sample was injected twice. External standards
were used to identify components by comparing their
relative retention time. Methyl undecanoate was used as
internal standard to quantify nonanoic and azelaic acids.
Results are expressed as concentrations in mg/mL.
Infrared spectroscopy
FT-IR analyses were done to investigate the changes in
the functional groups in ozonized oil during storage.
An aliquot of the sample was deposited on a ST-IR
polyethylene card (Thermo Scientific, France). IR
spectra were acquired using an Avatar 370 FT-IR
spectrometer (Thermo Nicolet, France) in absorbance.
The dataset was collected between 400 and 4000 cm−1
by co-addition of 32 scans at a resolution of 2 cm−1.
The background spectrum of ST-IR polyethylene card
was recorded and showed peaks between
2800–3000 cm−1, between 1460–1490 cm−1 and
between 720–740 cm−1.
Minimal Inhibitory Concentrations (MICs)
determination
MICs were determined by using the microdilution
method (CLSI 2012). In that purpose, diluted ozonized
sunflower oil solutions, with concentration ranging from
80 to 1.25 mg/mL (twofold dilutions), were prepared in
Mueller Hinton broth. To allow the dispersion of the oil
in the medium, 2% of Tween-80 was added to the broth.
Fifty microliters of the solution with the highest concen-
tration were placed in three wells of the top row of a 96-
wells microplate. This operation was repeated for all the
dilutions (one row/concentration). In the last row 50 µL
of Mueller Hinton broth alone were added to the wells
(positive control). Then, the wells of two columns were
inoculated with 50 µL of standardized bacterial suspen-
sion (1 × 106 UFC/mL). The wells of the last column were
inoculated with 50 µL of broth alone (negative control).
The final concentrations were between 40 and 0.625 mg/
mL for ozonized sunflower oil and of 5 × 105 UFC/mL for
bacterial suspension. Colony counts were performed to
ensure that the final inoculum concentration approximate
this value.
Microplates were covered with a lid and sealed with
parafilm before incubation at 37 °C for 24 ± 4 h. MICs
were defined as the lowest concentration of ozonized
oil visibly inhibiting bacterial growth (detected by eye).
This experiment was carried out two times (indepen-
dent weighing) for each batch.
Controls were realized with Mueller Hinton broth
plus Tween-80 and non-ozonized sunflower oil (with
the same concentration range) in order to show that
they had no effect on bacterial growth.
Statistical analysis
Results for the IP and the AV were expressed as the
mean of the values determined for the three batches of
each storage temperature with standard deviation (SD).
The gas chromatography results were expressed as the
mean of the concentration values of the three batches
(two values per batch) with standard deviation (SD).
For one condition (one temperature, one duration),
three infrared spectra were recorded for each of the
three batches. IR spectra presented are the average of
these nine spectra. Values given for the MICs are the
ones that were the more often observed over the 12
values determined for each storage condition (4 values
for each of the three batches).
Results and discussion
The reaction of ozone with the unsaturated fatty acids of
vegetable oils leads to the formation of oxygenated com-
pounds such as ozonides, aldehydes and carboxylic acids
following the mechanism described by Criegee (1975).
Thereby, ozonized oils show high IP values, even more
when ozonized with water (Moureu et al. 2015). For this
study, the initial peroxide index was around 2000 meq of
active oxygen per kilogram of oil and the initial AV was
around 0.7 mg of KOH per gram of oil.
The results showed that the evolution of the IP and
AV (Figure 1) were significantly affected by the storage
temperature. The IP values decreased faster at high sto-
rage temperature (+37 °C) than at room temperature.
Conversely, the AV increased but at a slower rate at RT
than at +37 °C. The IP of the samples kept at low storage
temperature (+4 °C) remained stable over a year but the
AV slightly increased during this time. The properties of
the samples stored in the freezer (−20 °C) did not change
over the time. These results are in agreement with those
of Cirlini et al. (2012), who have demonstrated that the
decrease of the IP occurred at a faster rate for samples of
ozonized sunflower oil and enriched cosmetics kept at
+40 °C.Miura et al. (2001) also observed a better stability
for ozonized olive oil stored in a fridge than at room
temperature.
No significant differences were observed on the IR
spectra of ozonized oil stored at low temperature
(Figure 2a, b). On the other hand, changes are to be
noticed for the batches kept at +37 °C and at RT
(Figure 2c, d) with the disappearance of the shoulder
around 3500 cm−1 corresponding to the degradation of
hydroperoxides (Guillén and Cabo 2002). In the same
time an increase in width of the band at 1750 cm−1 due
to the appearance of new carbonylic species was observed
(e.g., carboxylic acids) (Soriano, Migo, and Matsumura
2003). A decrease in intensity of the band at 1100 cm−1,
which can be attributed to the C–O stretching of the
ozonide (Wu et al. 1992), was noticed under the same
storage conditions.
These data suggest that the ozonides and
hydroperoxides disappear while carboxylic acids are
formed which is in accordance with previous works
(Cataldo 2014, 2015a). It is well known that carboxylic
acids are by-products of the ozonolysis reaction
(Omonov, Kharraz, and Curtis 2011). They can be
formed by oxidation of the aldehydes which are
produced during the cleavage of the double bond of
olefins (Killops 1986) or during the thermal
degradation of ozonides (Cataldo 2013, 2015b; Ewing
et al. 1989; Perkins, Roden, and Pryde 1975). As there
are still some unsaturations in the ozonized oil,
aldehydes can also be formed during the thermal
oxidation of unsaturated fatty acids (Roman et al.
2013). The present study was done with high oleic
sunflower oil, meaning that the main fatty acid is
Figure 1. Evolution of the IP and the AV depending on storage temperature and duration.
Figure 2. IR spectra depending on the storage temperature and duration, (a): −20 °C, (b): +4 °C, (c): RT and (d): +37 °C.
oleic acid (89%). According to the mechanism
described by Criegee, the reaction of ozone with oleic
acid in a protic media (e.g., water) mainly leads to the
formation of aldehydes and peroxidic and oligomeric
species but ozonides are also produced (Ledea et al.
2003; Reynolds et al. 2006; Vesna et al. 2009). The
aldehydes formed from oleic acid are the nonanal
and the 9-oxononanoic acid which can be oxidized in
nonanoic and azelaic acids respectively.
Gas chromatography analysis enabled verifying the
increase in those carboxylic acids (Figure 3). By
comparing the results of the analysis of the different
temperatures some conclusions can be drawn. There
were no significant changes in the concentration in
nonanoic and azelaic acids observed over time for the
samples stored at low temperatures (−20 °C and +4 °C).
In comparison, there was a significant increase after
3 months for the samples kept at high temperature
(+37 °C) and after 6 months at RT. However the
concentration of nonanoic and azelaic acids was
distorted. Indeed, the determined concentrations of
nonanoic and azelaic acid represented the quantity of
these compounds in the media added by the part
produced by thermal degradation of ozonides during
the injection in gas chromatography. Moreover, it was
noticed that the TMSH used for the esterification of
fatty acids induced a degradation of the aldehydes.
When injecting nonanal alone with TMSH several
peaks were observed on the chromatograms (data not
shown). Part of the compound remained unchanged
but part was transformed to the corresponding acid
and to some unidentified compounds. It is likely that
the same happened to 9-oxononanoic acid.
These changes in composition appearing at RT and
at high temperature (+37 °C) may have an impact on
the antibacterial activity. That is the reason why it is
necessary to have a look on the evolution of the effect
against the bacterial strain selected for this study
(Streptococcus uberis) over time. The minimal
inhibitory concentration values determined are
presented in Table 1.
The antibacterial activity remained unexpectedly
stable for all storage temperatures. Diaz et al. (2001)
have demonstrated the antibacterial activity of ozonides
from ozonized methyl oleate. The conclusion of their
study was that the ozonides were one of the active
principles of the Oleozon® (ozonized sunflower oil).
Some other compounds are also involved in the
antibacterial effect (e.g., peroxides, short chain
carboxylic acids). Indeed, azelaic acid is used for the
treatment of acne due to its bactericidal and anti-
inflammatory activities (Cherrington et al. 1991;
Leeming, Holland, and Bojar 1986; Sieber and Hegel
2014) and nonanoic acid has been identified as an
antifungal compound (Jang et al. 2012). In this study
the data suggest that at RT and at high temperature
(+37 °C) the ozonides and unsaturated fatty acids
present in the medium decompose to form nonanoic
and azelaic acids (through the oxidation of aldehydes).
This mechanism could explain the stability of the
antibacterial activity of ozonized oil. Indeed, the
increase in the concentration of nonanoic and azelaic
acids may compensate the degradation of the ozonides.
This hypothesis could be verified by testing individually
the antibacterial potential of the different ozonides,
nonanoic and azelaic acids requiring the separation
and the purification of these compounds.
Figure 3. Evolution of the concentration in nonanoic and azelaic acids depending on the different storage temperatures.
Table 1. Evolution of the MIC (mg/mL) value depending on the
storage temperature and duration.
Storage condition
Storage duration (months)
0 1 3 6 9 12
−20 °C 10 5–10 5 5–10 5–10 5–10
+4 °C 5–10 5 5–10 5–10 10 5–10
RT 10 5–10 5 5 5 5
+37 °C 5 5 5 5 5 5
Conclusion
The aim of this study was to investigate the effect of
different storage temperatures applied on ozonized
sunflower oil and to determine the best conditions to
store these products. The samples kept at room
temperature and at high temperature (+37 °C), showed
a rapid alteration of the initial composition (decrease in
IP and increase in AV). Conversely, the samples stored
at low temperatures (−20 °C and +4 °C) remained
stable over 1 year. The best condition to preserve the
initial composition of ozonized sunflower oil is to keep
it at low temperature in a fridge or a freezer. However,
even if the composition is modified, ozonized oil is still
active against Streptococcus uberis. A possible
explanation is that compounds responsible for the
antibacterial activity of ozonized sunflower oil are
ozonides, nonanoic and azelaic acids. The increase in
concentration of the acids compensates for the
disappearance of ozonides. To verify this hypothesis it
will be necessary to assess the effect of each compound
individually after separation and purification.
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